A survey was carried out to determine activity concentration levels and associated dose rates from the naturally occurring radionuclides 232 
INTRODUCTION
The great interest expressed worldwide for the study of naturally occurring radiation and environmental radioactivity has led to the performance of extensive surveys in many countries (1) . Such investigations can be useful for both the assessment of public dose rates and the performance of epidemiological studies, as well as to keep reference-data records, to ascertain possible changes in the environmental radioactivity due to nuclear, industrial, and other human activities.
Natural environmental radioactivity arises mainly from primordial radionuclides, such as 40 K, and the radionuclides from the 232 Th and 238 U series and their decay products, which occur at trace levels in all ground formations. Primordial radionuclides are formed by the process of nucleosynthesis in stars and are characterised by half-lives comparable to the age of the earth.
Gamma radiation emitted from those naturally occurring radioisotopes, also called terrestrial background radiation, represents the main external source of irradiation of the human body. Natural environmental radioactivity and the associated external exposure due to gamma radiation depend primarily on the geological and geographical conditions, and appear at different levels in the soils of each region in the world (1) . The specific levels of terrestrial environmental radiation are related to the geological composition of each lithologically separated area, and to the content in thorium (Th), uranium (U) and potassium (K) of the rock from which the soils originate in each area. In terms of natural radioactivity, it is well known, for instance, that igneous rocks of granitic composition are strongly enriched in Th and U (on an average 15 ppm † of Th and 5 ppm of U), compared to rocks of basaltic or ultramafic composition (< 1 ppm of U) (2, 3) . For that reason, higher radiation levels are associated with igneous rocks and lower levels with sedimentary rocks. There are exceptions, however, as some shales and phosphate rocks have relatively high content of those radionuclides
. . It consists of basic and ultrabasic pillow lavas, fringed by andesitic-sheeted dykes, while the central part of the ophiolite is composed of basic and ultrabasic plutonic rocks (gabbros, peridotites, dunites and serpentinised harzburgites). The weathering of the rocks of sedimentary origin (mainly chalks, marls, sandstones, gypsum, etc.) in the foothills that fringe Troodos mountains, gave rise to a diversity of alkaline, calcium-rich soils
. On the other hand, rocks of ophiolitic origin are mostly iron-and magnesium-saturated or oversaturated, and this allows their characterization as basic and ultrabasic. None of † Parts per million 4 these rock types belongs to the category of silica-oversaturated, which usually is associated with high Th and U elemental concentrations (2) .
With the objective to obtain the first systematic data on environmental radiation and radioactivity for Cyprus, a pilot project was commenced in 2001. The first results of a feasibility study were based on 28 samples collected from the main geological rock types appearing in the island (6) . Other parts of the project aimed at measuring the concentration of radon in houses and public buildings
, as well as at detecting α−emitting radioisotopes by means of radio-analytical techniques and high-resolution
.
A follow-up, extensive and completed study of terrestrial gamma radioactivity was performed after the systematic collection of 115 soil samples over all the island bedrock surface based on the different lithological units of the study area. Such a number of collected samples in combination with the relatively large area covered by this study (about 6,000 km 2 ) can be considered as a representative inventory of the various outcropping geological formations. This investigation becomes particularly important and interesting to radiometric studies, considering that it provides information on the geomorphological composition and associated environmental radioactivity of such an area with a large variety of ophiolitic and sedimentary rock types cropping out over a relatively narrow area. In this paper, the results from these extensive investigations regarding activity concentrations and associated gamma dose rates due to naturally occurring radionuclides in a wide variety of surface soils are presented. The experiments have been carried out in the Nuclear Physics Laboratory of the Department of Physics, University of Cyprus, using a high-resolution γ−ray spectrometry system.
MATERIALS AND METHODS

Sample collection and preparation
A total of 115 surface soil samples has been collected throughout the geological surface formations in the accessible area of the island ‡ ( Figure 1 ). The official geological map of Cyprus .
Sample counting
Each prepared soil container was placed on a shielded, high-purity germanium (HPGe) detector that is characterised by 33% efficiency, relative to a 3″×3″ NaI(Tl)
scintillator, and by 1. .
Following the spectrum analysis, count rates for each detected photopeak and activity concentration in units of Bq kg −1 for each of the detected nuclides are calculated (6) .
The total uncertainty of the radioactivity measurements, which is also applicable to the calculated gamma dose and effective dose rates, was typically in the range 3−10%. It has been calculated by taking into consideration the counting statistical error (∼3%) and other weighted systematic errors that mainly include the uncertainty in the efficiency calibration (0.5−8%)
. Depending on the peak background of the measured spectra, the Minimum Detectable Activity (MDA) was calculated to be Figure 3 , while in Figure 4 the frequency distribution of the total absorbed dose rates for all the measured 115 soil samples is plotted. Figure 5 shows the calculated relative contribution to the total absorbed dose of each of the three radionuclides ( 232 Th, 238 U, and 40 K) for the seven main regions considered in this study (see Figure 1 ). As illustrated in Figure 5 , the contribution to total dose rates due to 40 of samples of ophiolitic origin in the first study (6) was ∼39%, and this might explain why the results of the activity concentration and dose rates are slightly higher compared to the corresponding values of the present study.
In Table 3 , a summary of recent results on natural gamma radioactivity levels derived from similar investigations conducted in regions close and around the Mediterranean Sea is presented. As can be seen, the corresponding activity concentration levels of the 232 Th, 238 U, and 40 K radioisotopes obtained from this study fall within the lowest range of most reported values from other worldwide and neighbouring areas. In other words, since natural radioactivity is mainly composed of these three radioisotopes, the island of Cyprus can be considered as one of the world areas that exhibit very low levels of natural radioactivity.
CONCLUSION
High-resolution γ−ray spectrometry was exploited to determine activity concentration and the associated dose rates due to naturally occurring 232 Th, 238 U, and 40 K radioisotopes in 115 surface soil samples collected from all over the island of Cyprus.
Soils originated from the Troodos ophiolitic complex appear generally to present lower naturally occurring radionuclide concentrations, compared to those of sedimentary origin. In the present study, arithmetic mean activity concentrations (mean ± S.D.) of 5.0 ± 7.1, 7.1 ± 8.6 and 104.6 ± 94. . As a direct implication of these results, inhabitants of the island are subjected to an external gamma radiation exposure (effective dose outdoors) that range from 1.3×10 .
The results obtained from the present wide-range investigations are in general agreement with the first studies on activity and elemental concentrations of naturally occurring radionuclides and on their associated dose rates in various rock types (6) .
They further confirm that the activity concentration and associated dose rates due to naturally occurring gamma radiation in Cyprus are significantly lower (by a factor of five on an average) than the corresponding radioactivity levels reported from other areas worldwide. Figure 1) . 
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